INTRODUCTION
Monitoring soil quality is an essential step for preventing degradation processes frequently associated to intensive or inappropriate management of the soil resource. The concept of soil quality has been revised in recent years from a functional perception, being defined as the continued capacity of the soil to sustain biological productivity, preserve the quality of air and water and maintain biological activity within ecosystem boundaries (Larson and Pierce, 1991; Doran et al., 1996) . This definition emphasises the value of the soil to perform specific functions. As a result, increasing attention has been paid on the exploration of soil variables which could be readily used as soil indicators (Arshad and Coen, 1992; Doran and Parkin, 1994; Powers et al., 1998; Reynolds et al., 2002) . These indicators could be divided into chemical (e.g., pH, salinity, concentration of available nutrients, pollutants), physical (e.g., water retention, hydraulic conductivity, bulk density, stability of aggregates) and biological properties (e.g., microbial populations, mineralisation rates ) (Haynes, 2005) . Most of these A C C E P T E D M A N U S C R I P T Postprint de Geoderma 230-231: 95-107 (2014) parameters are in close connection with soil organic matter (SOM), which represents a key factor in the maintenance of the soil quality (Gregorich et al., 1994) .
Furthermore, in the Mediterranean region, the loss of soil quality is of special concern due to the particular fragility of these ecosystems. Soils developed in Central Spain are characterized by a large range of parent materials, landforms, plant communities and seasonal water regimes but, at the same time, show a series of common features such as shallow horizons, unfavourable physical conditions (limited water availability, hardened horizons, poor soil structure, etc.) and vulnerability to soil erosion due to irregular and frequently intensive precipitation (Rodeghiero et al., 2011) making water availability one of the most important limiting factors.
The climate largely influences the biological activity, leading to relatively low total organic C (TOC) concentrations in the Mediterranean regions (Rodríguez-Murillo, 2001) and consequently poor soil quality. In this line, the present study tackles the assessment of the quality of different Mediterranean soils with special attention paid to physical status by monitoring a set of quality indicators (bulk density, porosity, aggregate stability, available water capacity, etc.). Furthermore, the study of the distribution of organic C among different pools allows recognising soil features particularly affected by definite SOM fractions (i.e., particulate, extractable humic substances, humin ). On further examination, solid-state 13 C nuclear magnetic resonance (NMR), visible and infrared (IR) spectroscopies were applied to demineralised soil samples and to laboratory-isolated humic acids (HAs), allowing qualitative identification of its structural components, and results described comparatively.
Bearing in mind the importance of SOM on soil quality and the peculiarities of the Mediterranean scenario, this research focuses on establishing correlations between soil physical attributes and the SOM in order to assess the extent to which SOM characteristics work as valid predictors in forecasting the physical response in the soils.
This exploratory research would lead to establish the basis for the proper selection of organic amendments whose addition to the soil could represent an effective management strategy against degradation processes in Mediterranean areas. Walkley and Black (1934) method based on wet oxidation in acid medium, was used to determine the concentration of TOC in soil, whereas the Kjeldahl s method was applied for nitrogen analysis according to Piper (1950) . Carbonate content was measured as calcium carbonate with the Bernard s calcimeter (Guitián and Carballas, 1976) . Soil active carbonate was also determined with the Bernard s calcimeter, after pre-treatment of 2.5 g soil samples with 0.2 M ammonium oxalate for 2 h in a rotary agitator (Drouineau, 1942) . The cation exchange capacity was determined with ammonium acetate solution at pH 7 (Hendershot and Duquette,1986) , and the ammonium concentration was titrated with a selective ion electrode. Exchangeable bases (Ca 2+ , Mg 2+ , Na + and K + ) were extracted with 1 M ammonium acetate (pH 7) and measured by inductively coupled plasma-atomic emission spectroscopy. Base saturation was calculated from the total exchangeable bases and the cation exchange capacity. Soil bulk density was determined using a cylindrical core of known volume (Blake and Hartge, 1986) and soil particle density was measured with a pycnometer. Soil porosity was calculated from the values of bulk density and soil particle density. Soil texture was determined with the densimeter method (Bouyoucos, 1927) after removing the SOM with 0.5 M hydrogen peroxide and soil dispersion for 16 h in a solution of 0.5 M sodium hexametaphosphate and sodium carbonate. The water retention values of the soils were measured at the field capacity (FC, 0.03 MPa) and at the permanent wilting point (PWP, 1.5 MPa) using a pressure plate apparatus. Available water capacity (AWC) was calculated as the difference between FC and PWP (Guitián and Carballas, 1976) .
From these measurements, it was also possible to estimate the volume of air stored in the soil at some standardised value of soil water content or matric potential. In this case, this was done at the FC water content by the equation: 100 -(FC / P), where the water content at FC was expressed in volumetric units, and P represented the total porosity of the soil. The resulting air-filled porosity was referred to as field air capacity, FAC (Topp et al., 1997) . To measure soil structural stability, aggregates < 2 mm were subjected to wet sieving for 3 min in the apparatus described by Kemper and Rosenau (1986) . Soil particles passing through a 0.25 mm sieve were dried at 60 °C, weighed and referred to as unstable aggregates. The material remaining on the 0.25 mm sieve (stable aggregates + coarse grains) was dispersed with 5% sodium hexametaphosphate.
The coarse material was washed with deionised water, dried at 60 °C and weighed. The initial and final weights of aggregates were corrected for the weight of these coarse particles. The water structural stability index (SSI) was calculated as the weight of
aggregated soil (> 250 m) remaining stable after wet sieving and referred to as a percentage of the total aggregate weight.
Field analyses
Soil water infiltration was measured in the field during the dry season in order to work under comparable extreme dryness conditions with the different soils. The method used was first described by Bouwer (1986) and based on the double-ring infiltrometer. The infiltration rate was monitored by the decrease of the water level within the inner ring.
Water in the outer ring was kept at the same level as in the inner one to prevent lateral flow and promote vertical water movement in the soil. The data (3 field replicates) was used to plot the infiltration curves (infiltration rate vs. time). Using exponential regression functions, the data were adjusted to the Kostiakov (1932) 
where K represents the infiltration rate, X the infiltration time, c the initial infiltration rate and a the rate of decline of infiltration. The parameter c informs on the extent to which water can be retained into soil immediately after the rain event, whereas parameter a informs on the soil hydric saturation (Hemmat et al., 2007) . In addition, the average infiltration rate (Ir) after 60 minutes was calculated as an index of the infiltration capacity of the soil, not only during the first few minutes but also after an extended rain event.
Bulk organic matter characterisation
Solid-state 13 C NMR spectroscopy under quantitative acquisition conditions was employed to assess the main structural components of the SOM in whole soil samples (Wilson, 1990; Preston 1996) . In order to circumvent problems derived from paramagnetic minerals, the soil samples were subjected to previous demineralisation treatments (Skjemstad et al., 1994) . Approximately 25 g soil, were shaken with 50 cm 3 of 10% (w:w) hydrofluoric acid for 2 h in closed polyethylene bottles. After centrifuging for 10 minutes at 3,000 rpm, the supernatant was discarded. The demineralisation procedure was repeated up to five times at room temperature. Finally, the remaining residual solid phase was washed 10 times with 40 cm 3 deionised water until the pH was higher than 5 and freeze dried.
Solid-state 13 C NMR spectra were acquired with the cross-polarisation/magic angle spinning (CPMAS) technique performed at 15 kHz, using a Bruker Avance III 600
MHz spectrometer (14.09 T) at a 13 C NMR frequency of 150.93 MHz. Depending on the sensitivity of the sample, between 2,000 and 25,000 scans per spectrum were accumulated. The pulse repetition rate was set to 0.3 ms, and the contact time was 1 ms during which a ramped 1 H pulse was used to circumvent Hartmann-Hahn mismatches.
The chemical shift scale refers to tetramethylsilane (0 ppm) and was adjusted by using glycine (COOH; 176.04 ppm).
For quantifying the contribution of the different C types to the TOC of the soils, the spectra were divided into various chemical shift regions assigned to carboxyl/carbonyl/amide C (220160 ppm), aromatic/olefinic C (160110 ppm), Oalkyl C (11060 ppm), N-alkyl/methoxyl C (6045 ppm) and alkyl C (450 ppm) (Knicker et al., 2005) . The relative C distribution was determined by integrating the total signal intensity using the MestReNova Software version 8.1 (Mestrelab Research S.L., Spain) and expressed as a percentage of the TOC. The aromaticity of the SOM was inferred from the signal intensity of the aryl region (160110 ppm). The ratio between the substituted aryl C (140160 ppm) and the olefinic and non-substituted aryl C (140110 ppm) was used as an indicator of the contribution of phenolic carbons in lignin units to the total aryl C. The alkyl-to-O/N-alkyl C ratio, which is commonly considered to refer to the degree of decomposition of the organic material and, therefore, as an index of humification (Baldock et al., 1997) , was calculated as: alkyl C / (O-alkyl C + N-alkyl/methoxyl C).
Separation and quantification of SOM fractions
Isolation and quantitative analysis of the different SOM fractions, was carried out by using a protocol similar to that employed by De Blas et al., (2010) . Initially, 60 g soil samples were subjected to lipid removal by Soxhlet extraction with petroleum ether (40 60 °C distilled mixture of hydrocarbons) for 5 h and the organic phase was dehydrated with anhydrous sodium sulphate, distilled at reduced pressure, and finally desiccated under N 2 stream (Almendros et al., 1996) . The lipid-free residue of the soil was used for the subsequent extraction of several organic fractions (free particulate organic matter (f-POM); humic acids (HA); fulvic acids (FA); and humin), which were quantitatively determined according to Pansu and Gautheyrou (2006) .
The separation of the particulate, low density fraction with the not-yet decomposed organic particles was carried out by flotation, suspending the soil sample in 2 M phosphoric acid (density 1.2 g·cm 3 ) and mixing it using a blade agitator for 1 min. The floating light soil fraction consisting of f-POM was then isolated by centrifuging the suspension, washed with distilled water and analysed for TOC content.
The resulting soil residue was successively extracted with 0.1 M sodium pyrophosphate (×2) and 0.1 M sodium hydroxide (×4). The dark brown supernatant was isolated by centrifugation to finally obtain the total humic extract (HA+FA). Two aliquots were taken from this extract. One of the aliquots (25 cm 3 ) was precipitated with sulphuric acid (9 M) to determine the acid-insoluble fraction (HA) and, by difference with the total humic extract (the other aliquot of 25 cm 3 ), the amount of the acid-soluble fraction (FA) (Pansu and Gautheyrou, 2006) . The C concentration in these aliquots was determined by wet oxidation in acid medium (Walkley and Black, 1934) . The soil residue after the alkaline extraction was washed with distilled water and desiccated at 40 °C. The C concentration in this residue corresponded to total humin.
For further structural characterisation of the HAs, the total humic extract was acidified at pH 2 with hydrochloric acid and the precipitated HAs were separated of the FAs by centrifugation. The isolated HAs were redissolved in 0.5 M sodium hydroxide and centrifuged at 25,000 rpm (to sediment the clay-sized minerals) precipitated again with 6 M hydrochloric acid and dialysed in cellophane bags (Visking® dialysis tubing, MW cut-off 12,000 14,000 Da, pore diameter ca. 25 Å) until total removal of salts introduced during the extraction (electrical conductivity test). Finally, the HA samples were freeze-dried, homogenised in an agate mortar and stored for analysis.
Analyses of the humic acid fraction
The elemental composition (C, H, N and S) of the HAs was performed by dry combustion (980 °C) on a Carlo Erba CHNS EA1108 microanalyser and the C/N ratio, as well as O/C and H/C atomic ratios were calculated. It is considered that the H/C atomic ratio is associated with the contribution of aliphatic components to the HAs and therefore, inversely related with the aromaticity of the humic samples (Schnitzer and Khan, 1972) .
Concerning visible spectroscopy, the optical density of the purified HAs was measured in a concentration of 0.1 mg·cm 3 in 0.02 M sodium hydroxide. The absorbance at 465
nm (E 4 ) was used as a surrogate of the aromaticity and diagenetic maturity of the SOM (Traina et al. 1990) , whereas the ratio of the absorbance at 465 nm to that at 665 nm (E 4 /E 6 ratio) was used as an indicator of the average molecular size of HAs (Chen et al., 1977) .
The IR spectra of the samples were obtained on a Bruker IFS 55 mid-infrared Fourier transform spectrophotometer equipped with a diamond Golden Gate attenuated total reflectance adaptor (FT-IR/ATR). For resolution enhancement, the digital spectra were processed by an algorithm consisting of subtracting the raw spectrum from a positive multiple of its second derivative (Almendros and Sanz, 1992 (Fengel and Wegener, 1984) . The use of the second derivative spectra allowed the semi-quantitative measurement of peak intensities (as valleys), precluding problems of baseline tracing (Fernández-Getino et al., 2013) . The intensities of the major peaks were expressed as total abundances (sum= 100).
Statistical analyses
Data treatments were carried out using the Statistica software v.7.0 (StatSoft, 2005) . As a first step, exploratory data treatments based on discriminant analysis were applied to identify the main factors determining the variability of the soils as regards their hydrophysical quality. Discriminant analysis allows extracting the independent variables most relevant to discriminate among predefined groups. The groups considered for this study were topography, climate, vegetation, parent rock, soil use and humus type. After automatic forward variable selection, discriminant analysis yielded coefficients of the individual variables in the discriminant functions, indicating the extent to which the samples are correctly classified into the originally defined groups.
Simple regression models were then employed to establish SOM descriptors quantitative data for the different humic fractions in addition to chemical and spectroscopic data determined for the whole SOM and the isolated HAs which could be used to describe typical physical properties related to soil quality.
Canonical correlation analyses were also applied. The strength of this technique is its ability to identify the strongest associations existing between two set of variables simultaneously, rather than calculating simple pairwise correlations (Gittins, 1985) . The models examined were built up from two data matrices yielding two canonical variates:
one consisting of a linear combination of SOM properties (variate 1 on the x-axis) and other consisting of linear combination of soil physical characteristics (variate 2 on the yaxis). For reliable results with this technique, similar numbers of variables are needed in each group and these numbers must be lower than the total number of samples examined. Therefore, independent models were examined using selected SOM characteristics grouped into two progressive information levels, a) 13 C NMR from the whole SOM and b) spectroscopic features of the HA fraction. In the same way, the soil physical properties were also divided into a) general physical parameters (i.e., soil porosity, AWC and FAC) and b) soil hydrophysical descriptors (i.e., Kostiakov s equation coefficients).
Other non-supervised statistical models such as multidimensional scaling (MDS) (Kruskal, 1964) using the 1-Pearson correlation index as affinity index, were also employed. These models help to define clusters of variables including soil physical characteristics and SOM descriptors, which can be displayed as groups in a twodimensional space according to their mutual correlations.
RESULTS AND DISCUSSION

Physical and chemical properties of the soils
The study region is characterised by coarse to medium-textured soils ( (Table 2 ).
The TOC concentrations in surface mineral soils range between 0.67 g·100 g 1 in sample C1, a culture, to 7.38 g·100 g 1 in sample F1, a forest. Agricultural and abandoned soils show the lowest average TOC levels (0.80±0.13 and 2.19±0.47 g·100 g 1 , respectively) whereas in forest ecosystems there is no clear pattern (4.01±2.1 g·100 g 1 TOC). Moreover, the highest accumulation of TOC occurs in the Histosols (H1H3)
where waterlogging conditions favour slow mineralisation rates leading to mean TOC values of 22.19±1.43 g·100 g 1 (Table 2 ). The C/N ratio ranges between 10 and 18, hight C/N ratios being observed in Histosols and soils developed under forest vegetation (between 13 and 17) whereas in cultivated and abandoned soils the C/N ratios were comparatively lower (between 10 and 14).
Physical properties are reported in Table 3 . The most elevated bulk densities are associated with cultivated (1.60±0.14 g·cm 3 ) and abandoned soils (1.37±0.04 g·m 3 )
which, in fact, are above the optimal range of 0.9 1.2 g·cm 3 (Reynolds et al., 2009) indicating possible soil compaction. These values are significantly greater than those for the forest soils that, excluding sample R2, show a mean bulk density of 1.03±0.11 g·cm 3 . The lowest values occur in the organic soils (0.67±0.13 g·cm 3 ).
Correspondingly, the soils under agricultural and abandoned uses are deficient in the total amount of pore space in the surface horizons, whereas Histosols and forest soils show a total porosity above 50%, with the only exception of sample R2 (Table 3) , in which the comparatively low porosity (39%) might be related to the management of this
forest area which is, in fact, given over to recreational use. Human trampling and biking activities in the area could adversely affect soil porosity with the concomitant increase of bulk density and compaction of soil surface (Lei, 2004) .
The water stable aggregation of the studied soils is in the medium/high range, showing SSI >70% in most cases (Table 3) , which indicates a highly stable structure. The lower SSI values coincide with samples H2, C2 and C3 (67.4%, 60.6% and 33.5%, respectively). In cultivated soils, relatively low values of SSI could be associated with aggregate breakdown during tillage. In the case of H2 (Fibric Histosol), the high amount of recognisable plant tissues can determine the lack of strong organo-mineral interactions and lead to unstable structure.
Regarding the water retention capacity of the soils, large differences were obtained for stored water at FC ( 0.03 MPa) and PWP ( 1.5 MPa), ranging from 7.3 to 82.5 g·100 g 1 , at FC, and from 2.0 to 69.3 g·100 g 1 , at PWP. However, values of AWC are generally small (< 10 g·100 g 1 ), with the exception of Histosols (15.1±1.8 g·100 g 1 ),
cultivated soil C2 (12.1 g·100 g 1 ) and forest soil F1 (13.8 g·100 g 1 ). In addition, some soils, including Histosols, cultivated and abandoned soils, exhibit low values of FAC, even under the limit of 34% established as the value of optimal balance of water storage and air provision for soil biological activity (Reynolds et al., 2002) . Table 3 also shows the infiltration parameters calculated by adjusting the field data to the Kostiakov s (1932) equation. In the case of Histosols (P1P3) the results were poorly reproducible due to the limitations of the double-ring infiltrometer method, which requires data acquisition under soil dryness conditions. The parameter c defined as the initial infiltration rate, informs on the extent to which water can be retained into soil immediately after the rain event. In the studied soils, this parameter varies between 2.8 and 29.9 mm·min 1 , suggesting a very different behaviour of the soils in the early infiltration stages. In fact, it is possible to distinguish between soils with low (F1, F3 and R2), medium (A1, A3, C1, C2, C3 and F2) and high (R1 and A2)
initial infiltration rates. On the other hand, parameter a indicates the ease with which soils are water-saturated during the infiltration process. This parameter ranged from 0.16 to 0.58, with a mean value of 0.38±0.14. From these two parameters, it was possible to distinguish between soils highly vulnerable to water erosion and soils with good response to rainfall events and, therefore, low vulnerability to degradation processes. The greater the value of c, the greater the initial infiltration capacity, whereas
the lower the value of a, the lower the rate of decline of infiltration. The lowest water infiltration capacity was found in soil F1, showing limited volume of water infiltrated during the field experiment and rapid soil saturation (parameter c = 2.8 mm·min 1 ;
parameter a = 0.55). The opposite situation corresponds to soil R1, which infiltrated a large volume of water and shows a comparatively low rate of infiltration decline (parameter c = 20.4 mm·min 1 ; parameter a = 0.27) ( Table 3) .
Solid-state 13 C NMR spectroscopy of SOM
The CPMAS 13 C NMR spectra of HF-treated soil samples are shown in Figure 2 , and the content of the major C-types, expressed as a percentage of the total spectral area, are given in Table 4 .
The carbonyl region (220160 ppm) is dominated by a peak at 173 ppm, and shows similar intensities in all studied samples ( Figure 2 ). This signal is traditionally attributed to C in carboxyl groups and amide linkages in peptides. The chemical shift region for aryl carbons (160110 ppm) shows a main peak at 130 ppm derived mainly from unsubstituted aromatic C but also from olefinic C. Signals of syringyl and guaiacyl units (Wilson, 1987) are also evident in some samples (shoulder between 160 and 140 ppm).
The O-alkyl C chemical shift region (11060) is the main contributor to the 13 C NMR spectra (Table 4) (Table 4) , pointing to comparable degree of SOM, although it must be considered that the kind of litter inputs and the interactions between SOM and the mineral phase may affect this ratio. The main differences are recognised in the contribution of the aryl C to the total C intensity (5.325.8%), where cultivated soils (C1 and C3) show the highest aromaticity (Table 4 ). The opposite trend is found in Histosols (H1H3), with low proportions of aromatic C. In the case of spectra of forest soils (F1F3) and Histosols (H1H3) (Figure 2c and 2e) , the signal at 130 ppm is accompanied by a small signal at 154 ppm, not evident in the spectra of the other samples, suggesting lignin as a major contributor to the aryl C-region. This is also reflected in the ratio between the substituted aryl C (140160 ppm) and the olefinic and non-substituted aryl C (140110 ppm), referred to as lignin contribution (Table 4) , which shows comparatively high values mainly in the case of forest soils (F1F3). Table 5 shows the distribution of total SOM into the different organic fractions isolated from the soils (free lipids, f-POM, FA, HA and humin) referred to (1) the total soil weight and (2) the TOC.
SOM fractions
In general, the humin fraction amount to more than half of the TOC. Humin concentration is only comparatively low in samples R1 (46.5%), R2 (42.4%) and H3
(38.1%). The content of the colloidal fractions (HA and FA) represents a significant proportion of the TOC, ranging from 32.6% in F3, a forest soil, to 53.4% in H3, a
Histosol.
The f-POM only represents between 0.2 and 8.7% of the TOC; the cultivated soils showing the lowest proportion of this SOM fraction, which could be related with the removing of crop residues during the harvest and/or a tillage-induced increase of the Cturnover rates. Concerning the concentration of free lipids, this fraction represents less than 1% of TOC, even in soils under wetland vegetation (H1H3) which is commonly associated to high amounts of lipids (Stevenson, 1994; Almendros et al., 1996) . Table 6 shows the results of the elementary analysis of HAs, as well as its C/N ratio and H/C and O/C atomic ratios. The C content ranges from 52.7 to 57.7 g·100 g 1 , the
Characterisation of soil HAs
highest value corresponding to a Histosol (H2) and the lowest to a cultivated soil (C2).
The H/C atomic ratio, inversely related to aromaticity, provides information about the degree of diagenetic transformation of SOM (Schnitzer and Khan, 1972) . In the case of agricultural soils the low H/C ratios suggest intense maturation of the HAs, whereas soils with relatively high H/C ratios are related to HAs with marked aliphatic character.
This is the case of most forest soils and Histosols (Table 6 ).
Concerning visible spectroscopy, E 4 optical density is considered to increase with the condensation and aromaticity of the HAs, whereas the E 4 /E 6 ratio decreases with HA molecular weight and has been frequently used as an index of the degree of association between humic molecules (Chen et al., 1977) . The E 4 values of the studied HAs range from 0.61 to 1.38 AU ( This coincides with the results of elementary analysis of HAs (Table 6) variables and variables informing on the characteristics of the SOM. The SSI, which is a physical indicator of soil resistance to aggregate breakdown, is not shown in this Table   due to it was not significantly correlated with any SOM fraction or structural component.
Correlation studies
As mentioned above, most of the fourteen soils were homogeneous and highly stable at the macroaggregate level. This low variability and the weak correlations between SSI and the SOM composition could be related to the importance of mineral phases in these soils which, rather than organic materials, could be acting as dominant stabilizing and AWC) and soil porosity ( Table 8 ). The distribution of the SOM among the different organic pools is correlated with some physical variables. This is the case with f-POM, which shows significant correlations (P< 0.05) with the FAC, suggesting a role of slightly-decomposed plant residues in the provision of air in the soil; and with parameter a, indicating that soils with high amounts of f-POM are associated with elevated rates of decline of water infiltration capacity.
On the contrary, parameter c and the calculated Ir, which are hydrophysical indicators of the infiltration capacity of soil during the first few minutes and after an extended rain event respectively, are highly correlated with the concentration of the soil FA fraction (Table 8 ). The FAs also shows significant correlations with the water storage parameters FC, PWP and AWC, although the variables are, in this case, inversely related, indicating that soils with an important contribution of FA to the total SOM may also display some problems of water storage despite its appropriate response to water infiltration processes. The concentration of the remainder SOM fractions (free lipids, HAs and humin) did not show significant correlations with the soil physical attributes, and are not displayed in Table 8 .
In relation to correlations obtained between 13 C NMR spectroscopic data from whole soil samples and physical parameters, soil porosity is directly correlated with the concentrations of O-alkyl C and alkyl C, and inversely correlated with carbonyl C and aryl C. These facts, together with the above correlation between the soil porosity and the soil C/N ratio (Table 8) Apart from the correlations between soil physical attributes and bulk SOM characteristics, the linear correlations between physical variables and molecular features of the HA fractions isolated from the corresponding soils are shown in Table 9 . The results suggest that additional variability of some physical properties in the studied soils can be explained in terms of spectroscopic features of HAs. This is the case with e.g., soil porosity and parameter a , in such a way that HAs with marked aliphatic character (inferred from the 1460 cm 1 alkyl IR band) and relatively low degree of humification (reflected in the E 4 optical density and the intensity of the IR band at 1510 cm 1 ) are associated with high total porosity and rapid decline of water infiltration capacity. It is important that at this specific organisational level of the SOM the results are consistent with those obtained from the 13 C NMR information (Table 8) , which adds to the idea that HAs represent a biogeochemical record of soil forming processes and, to large extent, may be responsible for the structure and activity of the soil system as a whole (Almendros, 2008).
Multivariate analyses
Regarding canonical regression analyses, Figure 4 shows the correlation between the canonical variates (canonical correlation coefficients) and the strength (and sign) of the contribution of the original variables (shown as bar diagrams).When considering soil physical parameters, significant correlation (P< 0.05) was found for SOM descriptors in both models corresponding to successive organisational levels of the SOM. In the model from the 13 C NMR information (Figure 4a that the SSI appears included in this first group could be related to the moderate aliphaticity, with a positive effect on the formation and maintenance of soil organomineral complexes leading to the stabilisation of soil macrostructure by hydrophobic forces (Piccolo and Mbagwu, 1999) . This is in agreement with the results reported by other authors (Tisdall and Oades, 1982; Elliot, 1986) , describing that cohesion between particles in macroaggregates is strongly associated with slightly decomposed organic debris acting as binding agents.
Parameter a is related to SOM with aliphatic character. As this parameter indicates the ease of soils to water saturation during the infiltration process, this reinforces the idea that SOM of weak humification degree coincides with unfavourable response of Mediterranean soils to rainfall events. To some extent, this effect could also be causally associated with moderate water repellency in soils containing SOM with substantial amounts of alkyl hydrophobic constituents (Doerr et al., 2000) .
On the other hand, group B includes physical variables Ir, parameter c and soil bulk density, in addition to HA variables such as the contribution of aryl C to the total 13 C NMR signal of the SOM, the E 4 optical density and the intensities of the IR bands at A C Table 1 . SSI = structural stability index; FC = water content at field capacity (−0.03 MPa); PWP = water content at the permanent wilting point (−1.5 MPa); AWC = available water capacity; FAC = field air capacity; Ir = average infiltration rate after 60 minutes; n.d. = not determined (unreliable experimental results in this soil group).
A C (1) g C·(100 g soil)
g C·(100 g TOC) −1 .
f-POM: free particulate organic matter (light fraction), FA: fulvic acid (soluble at acid and alkaline pH), HA: humic acid (soluble at alkaline pH, insoluble at acid pH), Humin: insoluble at acid and alkaline pH. 
